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Size exclusion chromatograms of the solution containing dimeric cyt b562 and dimeric cyt cb562.
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Differential scanning calorimetry thermograms of dimeric cyt cb562.
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Overlapped view of the protein and active site structures of monomeric and dimeric cyt cb562.
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Fig. S5
Fo − Fc omit map of the Zn 2+ ions in the internal cavity of the cage structure of dimeric cyt cb562.
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Fig. S6
Coordination structures of Zn 2+ and SO4 2- ions in the internal cavity of the cage structure of dimeric cyt cb562.
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Fig. S7
Schematic views of the hydrogen bonds at the hinge loop for the protomers of dimeric cyt cb562 and monomeric cyt b562.
p. S12
Fig. S8
Comparison of Zn binding sites containing Ala1 and Asp39 between the domain-swapped cyt cb562 dimer cage and cyt cb562 surface mutant cage.
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Experimental section
Plasmids of E. coli cyt b 562 and cyt cb 562 The E. coli cyt b562 gene was synthesized (Life Technologies Japan, Tokyo) and sub-cloned into the NdeI-BamHI site of the pET29b plasmid. Conversion of cyt b562 to cyt cb562 (R98C/Y101C cyt b562 mutant) was based on reported method. temperature, 4 °C). Cyt b562 was oxidized by an addition of ten equivalents of potassium ferricyanide, and the ferricyanide ion was removed from the cyt b562 solution with the DE52 column (Whatman). The purity of cyt b562 was confirmed by the ratio of the absorbance at 418 nm to that at 280 nm (Abs418/Abs280 > 6). The concentration of cyt b562 was adjusted by the intensity of its Soret band using the molar extinction coefficient for cyt b562 reported previously , respectively. 4 The concentration of cyt cb562 was adjusted by the intensity of its Soret band.
Preparation of dimeric cyt b 562 and dimeric cyt cb 562
Oxidized dimeric E. coli cyt b562 and dimeric cyt cb562 were prepared by an addition of 75%
(v/v) acetic acid to oxidized E. coli cyt b562 and cyt cb562 (1 mM), respectively, up to 40% (v/v) in 50 mM sodium phosphate buffer, pH 7.0, at 37 °C. The protein solution was lyophilized to remove acetic acid. The obtained precipitate was dissolved in 50 mM sodium phosphate buffer, pH 7.0, and the obtained protein solution was filtered (pore size, 0.45 µm; Millex, Millipore, Bedford, USA). Dimeric cyt b562 and dimeric cyt cb562 were purified by gel filtration chromatography (HiLoad 26/60 Superdex75, GE healthcare, Buckinghamshire) using the FPLC system (BioLogic DuoFlow 10, Bio-Rad) (flow rate, 1.0 mL/min; monitoring wavelength, 418 nm [cyt b562) and 415 nm [cyt cb562]; solvent, 50 mM potassium phosphate buffer, pH 7.0, 4 °C). The fractions containing dimeric cyt cb562 were incubated at 37 °C for 1 h to remove the unstable dimers. After the incubation, dimeric cyt cb562 was purified using the same column and FPLC system described above.
Size exclusion chromatography analysis
The amount of oxidized dimeric cyt b562 and cyt cb562 in each solution was analyzed by size exclusion chromatography with a Superdex 75 10/300 GL gel column (GE Healthcare) using the FPLC system (BioLogic DuoFlow 10, Bio-Rad) (flow rate, 0. The Au electrode was dipped in pure water containing 20 mM 2-mercaptoethanol (Wako, Osaka, Japan) for 1 h, and subsequently rinsed with pure water. 6 Cyclic voltammograms of oxidized monomeric and dimeric cyt cb562 (heme unit, 200 µM) were recorded in 50 mM sodium phosphate buffer, pH 7.0, containing 100 mM MgCl2. All measurements were performed with a scan rate of 50 mV/s at room temperature, after degassing with a vacuum line and flowing
Ar gas for at least 5 min to remove oxygen from the solution. The potentials are reported with respect to the standard hydrogen electrode.
Differential scanning calorimetric measurements DSC thermograms of oxidized monomeric and dimeric E. coli cyt cb5b2 (heme unit, 100 µM)
were measured using VP-DSC (MicroCal, GE Healthcare) at a scan rate of 1 °C/min with 50 mM potassium phosphate buffer, pH 7.0.
X-ray crystallography
Crystallization of dimeric cyt cb562 was carried out at 4 °C using the sitting drop vapor diffusion method. Protein concentration was adjusted to 24 mg⁄mL in 50 mM Tris-HCl buffer, pH 7.0.
The droplet prepared by mixing 1 μL of the protein solution with 1 μL of the reservoir solution was equilibrated. The reservoir solution consisted of 25% PEG MME 350, 6 mM ZnSO4, and S5 750 mM MES buffer, pH 5.5. A crystal was observed in the protein solution after incubation at 4 °C for a week.
Diffraction data were collected at the BL38B1 beamline at SPring-8, Japan, using a Quantum315 detector (ADSC). The crystal was mounted on a cryo-loop without an additional cryoprotectant, and flash-frozen at 100 K in a nitrogen cryo system. The crystal-to-detector distance was 220 mm, and the wavelength was 1.0000 Å. The oscillation angle was 0.5°, and the exposure time was 4 s per frame. The total number of frames was 270. The diffraction data were processed using the program, HKL2000. 7 The preliminary structure was obtained by a molecular replacement method (MOLREP) using the atomic coordinates of the structure of an E. coli cyt cb562 monomer (K59W, R98C, and Y101C mutant of cyt b562; PDB ID: 2BC5) as a starting model. The structure refinement was performed using the program, REFMAC. 8 The molecular model was manually corrected, and water molecules were picked up in the electron density map using the program, COOT. The data collection and refinement statistics are summarized in supplemental Table S1 . The cavity size was calculated by the program, VOIDOO, using a probe radius of 1.4 Å.
9
Dynamic light scattering DLS experiments were performed with a Zetasizer Nano ZS analyzer (Malvern, Worcestershire, UK). Oxidized monomeric and dimerc cyt cb562 solutions (50 µM, heme unit) in 15 mM MES buffer, pH 5.5, containing 300 µM ZnSO4, ZnCl2, or Na2SO4, were incubated at room temperature for 1.5 h, and filtered (pore size, 0.45 μm; Millex, Millipore) before measurements.
Each measurement was performed eight times at 25 °C and averaged. , k: scaling factor. Rfree was computed identically, except where all reflections belong to a test set of 5 % of randomly selected data.
Cross-linking of cyt cb

